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ABSTRACT

This is Semiannual Report Number 8 on a research
program involving studies of the propagation of radio waves
in a tropically vegetated environment. It represents the
first report of activities in an area located about 40 miles
from thLe coastal town of Songkhla in southern Thailand. A
primary objective of this work is to supplement and also pro-
vide a comparison with the results, described in previous
reports, of the extensive experimental and theoretical pro-
gram near Pak Chong, Thailand. Songkhla is classified as a
rainy tropical region and is characterized as haviug a 50
per cent heavier rainfall and much denser and taller vegeta-
tion than Pak Chong, which is classified as a wet-dry
tropical region. Contained in the report are descriptions
of the environment in the test area aund of the test facilities
that have been established. The erperimental goals and test
procedures are sst forth covering such topics as the effects
upon transmission loss of frequency, anteana heights,
polarization, and transmission range. Some preliminary re-
sults of measurements, based on all the data cbtained from
Songkhla as of 31 December 1966, are given in the form of 15
wlots of basic transmission loss as a function of distance
for various frequoncies, transmittirg antenna heights, and
paths. The receiving antennas are fixed at a height of 6
feet, and the polarization is horizontal. Much of the in-
strumentation used at Songkhla is the same as that used at
Pak Chong. Several changes, however, were necessary and are
described in this report.
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1. INTRODUCTION

This report, Semiannual Report Number 8, describes
the activities of the Jansky & Bailey Engineering Department
of Atlantic Research Corporation in conducting theoreticzl
and experimental studies of radio propagation in a tropi-
cally vegetated environment in southern Thailan..

The program is sponsored by the Advanced Research
Projects Agency of the Department of Defense as part of
SEACORE and is under the technical an¢ contractual direction
of the U. S. Army Electronics Command, Fort Monmouth, New
Jersey.

Previous repori{s have been concerned with the re-
sults of an extensive measurement program in Pak Chong,
Thailand, an area classified as a wet-dry tropical region.
In Pak Chong radio propagation data as well as data on the
physical aspects of the environment was collected. Among
other things, the data has been used in the development of
models and methods for range performance predictions. One
important goal of this program is to develop these models to
the point where they are capable of useful predictions in
differenlt types of tropically vegetated regions. This re-
quires that data be collected from other envircuments whose
characteristics differ from those &t Pak Chong. To gather
special data about the propagatioun of high frequency signals
(550 Mc/s to 10 Gc/s) through bamboo growth, a short series
of tests was conducted at Sattahip, Thailand, in 1965, con-
currently with the tests going on at Pak Chong, Thailand.
However, it was ulso planned to initiate a second series cf
tests in significantly denser jungle vegetation, tollowing




the end of the Pak Chong tests. A site near Songkhla,
Thailand, was chosen after surveys conducted by MRDC,
USAECOM, and J&B showed this area to have the desired cli-
mate and vegetation. Songkhla is classified as a rainy
tropical region, its rainfall is 50 per cent greater ttan at
Pak cChong, and its vegetation is much denser and talle..

Based on the environmental information presently
available, a move Jdetailed description of the climate,
terrain, and vegetation at Songkhla is presenteu in
Section 2., Also descr_.bed in Section 2 is the support
system for the test program,

Section 3 outlines the theory and procedures
behind the different propagation tests that *ave bheen and
will be conducted at Songkhla, This section explains the
means by which the effects on radio propagation of vegetation,
weather, transmission, distance frequency, polarization, and
antenna height will be determined.

Since the period of activity covered by this
report has been primarily devoted to constructing new test
facilities and putting the Songkhla test program into
operation, there was not time enough to gather any complete
sets of data. Therefore, the portion of this report con-
cerned with data, Sectiun 4, simply presents the data re-
ceived during this report period anu explains how the data
was ~htained and what it represents. Until a more complete
set of measurements is received, the data wil:i not be analyzed.

Section 5 reviews the instrumentation in use at
Songkhla and explains the special modifications on equipment
from Pak Chong which were necessitated by the different pro-
cedi'res and er .ironment 2t Songkhla.

2
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2. TEST AREA DESCRIPTION

This section of the report describes the location
and environment of the region in which the Songkhla propaga-
tion tests are being conducted. Also described here are the
facilities and logistical arrangements for this test series,
since to a large extent they were determined by the environ-
mental characteristics of the test area.

The Pak Chong propagation tests, which ended in
June 1966, showed now radio propagation is affected by
medium heavy tropical vegetation. To obtain additional data
that would most contribute to the ability to predict radio
wave behavior in all varieties of tropic. vegetition, a
second series of tests was planned for an area having signif-
icantly thicker jungle vegetation. To eliminate the effects
of rough terrain, it was hoped to locate a relatively level
area. Since interest was focused on short-range effects,
the area did not need to be as large as the Pak Chong area.

A forestry consultant was cortracted to aid in
finding a new area. The report of his survey conducted in
Thailand to locate an area having the required attributes is
in Appendix A of Semiannual Report Numb_: 7. Nine different
areas were investigated. Of them, eight were considered un-
satisfactory due .0 inadequate size, too little vegetatio..,
or tou rough terrain. The one satisfactory area found was
on the southern peninsula of Thailand. Officially, this test
locatioa is called Area II to relate it to Area I, which was
the title for the test site near Pak Chong. However, Area II
is commonly called the Songkhla test area, a name derived
from the coastal town of Songkhla where the field personnel

are quartered.




2.1 Test Area Environment

The section of thick rain forest being used for the
radio propagation tests is located at 7°70' N latitude and
99°55' E longitude. A map of Thailand in Figure 2.1 shows
that the Songkhla area is much fuirth2r south than either the
Pak Chong or Sattahip areas. It is also much more distant
from Bangkok than either of the other areas, being approxi-
mately 525 air miles from Bangkok, whereas Pak Chong is 100
miles distant, and Sattahip is 80 miles distant.

2.1.1 Te . rain

As mentioned earlier, one of the purposes of the
site survey was tc locate an area with fairly level terrain.
This conditicn makes it easier to accurafely identify and
separate tlhe ~2ffects of foliage upon radio propagation.
Where uneven terrain and thick foliage are found together,
it is often impossible to determine how much each contri-
butes to the path loss of 4 signal. The general appearance
of the Songkhla test area can be seen in Figure 2.2, which
is an aerial view of the jungle covered terrain around the

base site.

The four graphs shown in Figure 2.3 are the ter-
rain profiles of the four measurement trails which have so
far been completed at the Songkhla site. Although the ter-
rain has numerous dips and hills, giving it about a 150-foot
variation in elevation, the 100 to 150-foot high jungle has a
far greater effect on short-range radio signals than do
these small undulations of the terrain and in most cases
blankets the effects of terrain variations. As a compszison,
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Figure 2.4 illustrates the terrain found in the Pak Chong

test area., The less detailed terrain profiles from Pak

Chong are the result of the measurements having been made with
a precision altimeter rather than the transit used at Songkhla.

2,1.2 Climate

A significant feature of the region around Sorgkhla
is that it receives precipitation from both the northeast
and northwest monsoon rains in Thailand. Because of this,
the rainfall there is about the heaviest z2nywhere in
Thz2iland. Annual rainfall is around 95 inches. This total
is about 50 per cent higher than the yearly total for Pak
Chong, which has 60-65 inches of rain annually.

Figure 2.5 compares the monthly rainfall for the
two test areas. The monthly trends indicate that Pak Chong
has heavy rainfail during the summer and normal rainfall in
the other seasons. At Songkhla rainfall steadily increases
from a low level at the beginning of the year until November
when it falls off for about two months. It would seem that
the heavier and higher jungle at Songkhla is principally a
result of the higher rainfall and humidity in that area,
since the temperatures of the two test areas are not signif-
icantly different. At Pak Chong average daily temperatures
ranged from 70-80° F, and at Songkhla they vary between
75 and 85° F.

2.1.3 Vegetation

A discussion of the plant life at the Songkhla test
site can be found in the Site Survey Report in Appendix A of
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Semiannual Report Number 7, For more detailed vegetative
data, it is expected that the Military Research and Develop-
ment Center in Thailand will soon conduct an intensive en-
vironmental study of the Songkhla test site, similar to the
one it made at the Pak Chong test site.

Based on the figures in the Site Survey Report, a
preliminary comparison can be made of the jungles at Pak
Chong and Songkhla., In regard tc cadio propagation, tae
most important cha'racteristics of the vegetation are its
average height and density. These characteristics are sum-
marized in Table 2.1,

Table 2.1
VEGETATIVE CHARACTERISTICS OF TWO SITES IN THAILAND

Location

Characteristics Unit Songkhla Pak Chong
Biomass Tons Per Acre 309 130
Total Trees Per Acre 606 362
Height Class

6-16 m Trees/Acre 434 290

17-29 m Trees/Acre 71 62

30-50 m Trees/Acre 81 10

Vines, 5 cm Vines/Acre 20 -
Upper Canopy Density % Crown Cover 50-80 < 20

The first row in Table 2.1 gives the "biomass,"
which is an estimate of the tons of plant life per acre.
Since the biomass figure is a rough approximation, based on

12
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measurements of tree density wund trunk diameter, it is only

necessary to note that the weight density cf the Songkhla
jungle is about 2.5 times that of the Pak Chong jungle.

The other rows of Table 2.1 show that this great
increase in weight density is caused both by a greater number
of trees and by a greater average tree height. Altogether,
there are about 70 per cent more trees per acre at Songkhla,
However, at Songkhla there is an 800 per c- t increase in
the largest a2nd heaviest class of trees, which are those
ranging frem 100 to 160 feet high. This eight-fold increase
in the highest trees has meant that 120-foot masts are needed
at Songkhla to raise the antennas to an elevation where there
are only scattered treetops, whereas at Pak Chong an 80-foot
mast was sufficient for this purpose.

2.2 Test Program Support System

After the test area was located and the test pro-
gram worked out, it was necessary to devise the most effi-
cient system for conducting the tests. As the word "system"
is used here, it means the over-all arrangements for
maintaining, transporting and utilizing the requisite per-
sonnel and equipment.

When this system was being devised, its features
were strongly influenced by three basic consiuerations:
the desirability of keeping the logistical needs, the facil-
ities investment, and the equipment investments as low as
possible.

13




Since the test area was about five times as far

)m Bangkok (from where most supplies are sent) as Pak
Chong, the logistics cost would be far higher than at Pak
Chongz if as many supplies had to be shipped ir. Moreover,
the site itself can only be reached over a 1Z-mile dirt
trail which is impassible for most vehicles during about
nine or ten months of the year. These conditions tended to
make the supply system both costly and unreliable. There-
fore, it was advantageous to reduce the logistics require-
ments as much as possible.

The reason for desiring to keep the facilities
investuent low was the relatively short duration of the
Songkhla tests, whic!. are scheduled to last about nine
months. The Pak Chong tests, lasting a number of years,
justified the building of a large and complete yroup of
semi-permanent facilities, whereas the shorter Songkhla
tests did not.

In a*tempting to keep the ~quipment investment
low, there was not only an immediate reduction in costs to
be gained, but also 1 decrease in the facilii ss and supply

system needed to support this lesser quantity of equipment.

The support system that resulted fi-:: these and
other considerations comprises a base site at ine center of
the Songkhla test area, a supply depot located at the junc-
tion of the access trail and the paved highway, rented
quarters in the town of Sop ,khla, and transportation to tie
these units together.

14

MR




T — I BTSN TR . Tr—

Company field personnel reside in the town of
Songkhla and fly daily to and from the test site by
heli :opter. The helicopter is also used to transport re-
ceiving equipment for the longer range propagation tests.
The base site contains the test equipment and quarters for
the Thai personnel. Provisions for the base site are
trucked to the supply depot on the paved highway, and from
there Rolligon vehicles carry the provision over the dirt
trail to the base site. Since most tests are conducted with
"man-pack"” or man-carried rather than vehiculnrly trans-
ported equipment, there are fewer vehicles in use at
Songkhla than was the case at Pak Chong. This system of
transportation and facilities, which is further detailed in
Sections 2.2.1 and 2.2.2, has required a minimal investment
in buildings and vehicles. It is operable under all normal
weather conditions and I~ net paralyzed when any one part
is temporarily out of order.

2.2.1 Logistics

As described earlier in the introduction, the
Songknla test area is situated in a section of extremely
thick tropical rain forest in the southern peninsula of
Thailand, about 500 miles from Bangkok. Figure 2.6 is a map
of part of this peninsula, showing a cross hatched area
which represents the test area. The towns of Satun, Haadyai,
and Songkhla are also marked on the map. The railroad con-
nectin~ Songkhla and /'~adyai extends norta from Haadyai to
Bangkok. Apprcrimately 20 hours are needed to make the
railroad trip from Haadyai to Bangkok. Suuvplies intended
for the Songkhla test site are unloaded at the Haadyai

15
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Figure 2.6 Map of Songkhla-Satun Region
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terminal and transported by truck down the paved highway
between Haadyai and Satun to the point where the unpaved
road leading to the test site meets the highway.

Figure 2.7, a map of thQQQQgELn surrounding the
test area, shows the last few miles of the dirt road leading
to the test site. Since it was originally constructed to
provide access to the Kuan Karlcag Development Area, the
road ended at the point marked '"B." To construct the base
site, this road had to be extended an extra two miles by the

contractor.

The heavy and almost continual rainfall imposes
severe constraints on the use of the unpaved road. During
construction of the Pak Chong site it was found that normal
vehicles would turn such trails into impassable morasses of
mud during the wet season. Therefore, it was decided to use
helicopter transportation insofar as possiblc at Songkhla
for ferrying in personnel aria less bulky items to reduce
wear on this trail. Those things which have to be transported
down the unpaved road from the temporary depot are carried
on Rolligons. These vehicles, one of which is shown in
Figure 2.8, use very wide tires having inflation pressures
of about one pound per square inch. The flexibility and
large load carrying area of these '"air bag'" type tires give
tne Rolligon two great advantages over other types of
vehicles. First and foremost, it can get through where no
other vehicle can; and secondly, it does not fur’.aer tear up

or rut the ground it passes over.

Before the Rolligons arrived at the Songkhla site,
the 25-mile unpaved road had been so rutted by trucks

17
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Figure 2.8 Rolligon "Marsh Skeeter" Carrying Supplies
along Access Trail
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carrying in ¢ 1struction materials, ihat two days and the
assistance of winches were required to reach the base site.
Though the trail had already undergone rebuilding operations,
it had deceriorated again. The Rolligons, by contrast, were
able to make the distance in under two hours without winch-
ing, and have not caused any more deterioration of the trail.

While cvhe over-all transportation system for the
test site required a good deal of careful planning and com-
prised a variety of transports, it has proven to be not only
very effective and reiiable, but also flexible when the need
arises,

The railroad brings supplies from Bangkok to
Haadyai and Songkhla. This transportation link .is supple-
mented by a plane which flies weekly between Bangkok and
Songkhla. Bulky‘supplies intended for the test site are un-
loaded from the train at Haadyai, trucked ¥~ the depot at
the junction of the site access road, and carried by Rolligon
vehicle the rest of the way tc the site. At present, all
fuel, construction material, non-breakable technical equip-
ment, food, and other routine supplies are carried to the
site by this method.

The other transportation system for the test site
is the helicopter which flies daily from Songkhla to the
base site. From their rented lodgings in Songkkla, the
Company's engineers and technicians commute daily to the
test site by helicopter. The helicopter is also used for
quick deiivery of smaller items. The air distance from the
Songkhla airport to the base ~amp is about 50 miles.
Presently, the helicopter is not assisting in the measure-
ments themselves, for all tests are now being conducted on
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foot path trails within a mile and a hal€ of the test site.
Later, when tests are made in the secondary area, 2 to 8
miles from the transmitter site, the helicopter will be used
to transport men and equipment to the different receiving
sites.

In the event that the helicopter becomes in-
operab..e or unavailable, there are provisions to keep the
test programs operating for a period of time. The depot at
the juncticn of the access trail and the paved road has
sleeping quarters and rations for the test personnel who
normally fly in from Songkhla. The depot itself can, of
course, be supplied by truck from Haadyai or Songkhla, and
the men travel to and from the transmitter site by Rolligon
vehicles. These quartering and feeding arrangements are
planned for temporary and emergency use only. So far they
have been used a few times when the helicopter required re-
pairs or when it was urgently needed elsewhere, as happened
during a week of unusually heavy rains and flooding in
January.

Figure 2.9 is a symtolical diagram of the over-all
logistical network.

2.2.2 Facilities

The facilities for the Songkhla tests include
buildings at the transmitter site for housing the equipment
and Thal support personnel, the depot building on the
highway, and the rented housing in the town of Scngkhla.
Most of the facilities in town are lodgings, though there is
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also a small secondary field administrative office, which

functions under the Bangkok office and is used to do work

that does not nced to be sent to Bangkok.

Figure 2.10, a detailed drawing of the construction
plan of the Songkhla base site, shows the oblong shape of
the site, which has helicopter pads at both ends so that the
pilot can adjust his approach according to wind conditions.
Since as few trees as possible were cut down, the air de-
scent into the site is difficult, and it is important for
the pilot to have some chcoice of landing direction ':nder
heavy winds. Figure 2.11 shows two aerial views of the base
site.

The main functional units of the base site are the
living and eating facilities for the Thai police and support
personnel, the operations buildings where the transmitters
are housed, and the vehicle repair and parking building.
Other facilities are for power generation, fuel, water,
police operation, waste disposal and sanitation. The access
trail visible in the drawing is approximately 12 feet wide,
anu bridges along the trail are capable of supporting a 10-
ton load. Within the base clearing, stumps have been cut to
ground level and some areas are covered with crushed rock,

as shewn in Figure 2.10.

About 25 Thai personnel, 10 police and 15 support,
are quartered at the base site. The police headquarters
bnilding contains an office, communications equipment, and
sleeping accommodations for ihree persons. Both the police
and support personnel use the same buildings for living and
eating.
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Helicopter Pad
Bench Mark 54  (60-ft. dia.)

Washroom
Bldg.

Water Tower

Boardwalk

Thai-Sleeping
Quarter —
Bldg.

Generator
Flight Crew Bldg.

Vehicle Maintenance
Bldg.

Thal Headquarter
Bldg.

Tank .
NOTE:
Distance between centers
i of helicopter pads ~ 650 ft.
Helicopter Pad
S (60-ft. dia.)
Crushed Rocks

Figure 2.10 Building Plan of Songkhla Base Site
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’ Figure 2.11 Aerial Views of Songkhla Base Site




The operations building shown in Figure 2.11 is
air conustioned tO protect the transmitters and help main-
tain caiibration. By constructing an air conditioned
building, it was not necessary to trinsport in the air con-
ditioned transmitter shelters that were used at P~k Chong.
Figure 2.12 is 2 photograph of this building, which gives
some indication of the relative height of the jungle at
Songkhla. Figure 2.13 shows ihe supply depot with the

Rolligon taking on provisicns.




Figure 2.13 Supply Depot (and Emergency Quarters) at
Junction of Access Road
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3. TEST PROCEDURES

The extensive Pak Chong measurements have defined
the propagation character.stics of a wet-dry tropically foli-
ated environment classified 1s a dry or semi-evergreen
forest. Many samples were taken over variables such as
frequency, distance, height and polarization. This data,
however, represents only one sampling of climate and
vegetation. Additional samples in a rainy tropical jungle
are needed in order to develop the comprehensive prediction
models for a variety of different tropical environments.

An important consideration in developing the test
procedures for the Songkhla area was that it 21s not necessary
to repeat the full measurement sequence employed in the Pak
Chong area. The Pak Chong measurem2nt results have given
strong indications of what factors are of lesser signiticance.
Extensive use has been made of the basic information learned
from the Pak Chong data throughout the development of test
procedures for the second area.

The most important single fact learned from the
Pak Chong data is that the significant differences between a
foliated and a comparable non-foliated area show up close to
the antennac., As propagation distances are increased, propa-
gation losses increase in the manner which has been observed
for non~-foliated terrain, retaining the constant bias intro-
duced at close separation distances. Therefore, in Songkhla the

measurements are concentrated at the closer distances within

‘the vegetation in order to better understand propagation phe-

nomena near the antennas. However, some measurements are
made at the larger separation distances, to correlate with
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the Pak Chong data, and to determine whether or not propaga-
tion characteristics continue to fall off in this type of
vegetation in the expected manner.

Thus, the concept of a primary test area which is
reletively close to the transmitting cite, and a secondary
test area which encompasses more distant test points has

been adopted.

3.1 Primary and Secondary Measurement Locations

The function of the measurements being made in the
primary test area is tc investigate short-range radio propa-
gation through the jungle. This area is approximately
circular, and contains four radial walking trails extending
ocutward about one and a half miles from the transmitting
antenna. There are 13 special field points within the pri-
mary test area at which field strength measurements are made
as a function of receiving anterina height. These 13 field
points within the primary area are spaced along the four
radial trails.

Although some equipment will be flown by heli-
Icopter to the field points in the secondary area, only hand-
carried or man-pack equipment is used on “he radial trails
themselves. [his procedure is entirely adequzie for the
task and has eliminated the construction work necessary to
build vehicular trails.

The basic tests on these walking radials are made

with 13-foot-high transmitting antennas and hand carried,
6-foot-high receiving antennas. However, other tests are
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made with the transmitting antennas raised to heights of 40,
8C, and 120 feet, and with ground plane, vertical monopole

antennas for certain frequencies.

There are numbered markers along each of the four
walking radials. The number of each marker, when multiplied
by 100, gives the number of feet to the bench mark, which is

the center point of the four radials.

At the end of this report period, constructicn
work on the secondary test area had just begun. Therefore,
it is not now possible to precisely describe the locations
of all the secondary test points. Figure 3.1 shows the
locations of the four radial trails, W, X, Y, and Z, and of
the four field points, FP-A, FP-B, FP-C, FP-D, that have been

determined so far.

3.2 Test Plans and Prccedures

This section of the report describes the different
propagation phenomena t.aat are being measured or are planned
to be measured. Where applicable, the particular procedures
for making certain measurements are also outlined.

3.2.1 Path Loss as a Function of Distance and Frequency

The objective of ihis measurement series is to
determine the way in which path loss varies with distance
and frequency. Most tests will be made with low (approxi-
mately 6-fcot) receiving antennas. This section discusses
the experimental and environmental para.ecters that are to
be considered in these tests. One very important part of
these tests is the problem of getting a representative value
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of median field strength and of the degree and nature of

signal variation around the median value,

The horizontal distance between the peaks and
nulls of variations around the median value is on the order
of a half wavelength of the particular frequency. However,
even after extrapolating the median value from these spatial
variations, there is another kind of variation associated
with the median value itself. This variation is more
gradual, It is caused by irregularities in the terrain. In
the plots of path loss vs. distance in Section 4, the irregu-
larities of the path loss envelopes reflect the slower vari-
ations in the median values. These two variations, called
rapid and slow variations, and the means of measuring them

are discussed in Section 3.2.2.

The range of transmitting antenna heights in these
tests will be ground level (for vertical monopoles), 13 feet,
40 feet, 80 feet, and 120 feet. This last height is above
all vegetation except for a few isolated treetops.

In tests made so far on the four walking radials,
vertical and horizontal dipoles have been used at 13, 40,
80, and 120 feet for frequencies of 50 and 100 Mc/s.
However, in no cases has any one frequency been used at all
the srneduled combinations of height, polarization, and trans-
mittiag path. At 50 Mc/s, some measurements have been made

using a ground based vertical monopole.
Because the behavior of signals whose frequencies

are below 25 Mc ‘s has not shown many effects of foliage,
there will not be as many lower frequencies tested as there
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were at Pak Chong. Present plans call for tests at 0.880,
2, and 12 Mc/s, leaving out the 0.100, 0.300, and 6 Mc/s
measurements made at Pak Chong.

As mentioned earlier, these tests are to be con-
ducted in the primary and secondary test areas. It is ex-
pected that the short-range, primary area tests will yield
desired information about antenna height gain, "through-the-
foliage" attenuation and "treetop mode" attenue”ion. Later
tests in the secondary area are expected to provide further
data on propagation loss of the treetop mode. In both pri-
mary and secondary areas the received signal will have sub-
stantial spatial variations, and special measurements will
be needed to determine median values of received field
strength.

3.2.2 Field Strength Variation

At Pak Chong chere was found to be a significant
aad compiex spatial variatioa in received field strength.
It is expected that the same basic behavior will also exist
at Songkhla, though the difference in foliage will somewhat
alter the magnitude and spread of the variations.

Tests at Pak Chong indicated that there was no
significant variation in foliage for frequencies bhelow 25
Mc/s; therefore, only a few samples will be taken for these
frequencies at Songkhla to see if, as expected, the same
condition holds. However, as frequency increases, both the
rate of change and the magnitude of the variations increase.
Continuous vehicular recordings made at Pak Chong have shown
that, as these variations become more pronounced, they can
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be seen to have two separate or distinct components, one, a
so-called "rapid” variation and the other a "slow" variation.
Figure 3.2 gives a good idea of how these two components are
superimposed upon each other, The slower wvariatiocn, shown
by the dotted line on Figure 3.2, is characteristic of propa-
gation in rough terrain; whereas the rapid variations are
caused by more closely spaced obstacles such as vegetation

or buildings. The continuous recorder has a nonlinear dB
scale, shown on the left of Figure 3.2, and the extreme
variations on the upper part of the chart should be con-
sidered in terms of their dB values.

To measure the rapid variations, a number of
closely spaced samplings will be made. The purpose of these
samplings will be to determine the distance between peaks
and nulls. Measurements at Pak Chong indicated that the
peak-to-null spacing, or half cycle width, is about 0.37
wavelength for frequencies from 25 to 400 Mc/s. Table 3.1
indicates what some of these distances are.

Table 3.1

PEAK-TO-NULL DISTANCES FOR RAPID VARIATIONS

Average Average
Freq. Distance Distance
(Mc/s) (ft) (wavelengths)
25 14.6 0.371
50 7.3 0.371
100 3.6 0.366
250 1.5 0.381
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Samples of the rapid variation will be taken at a
number of randomly chosen points along the four walking
radials and also at several locations in the secondary test
area. Measurements using both horizontal and vertical
polarizations will be made. The measurement at each sam-
pling location will be carried out in the following manrer.
Maximum and minimum field strength valies will be determined
over a 6- to 10-foot interval. Where peak-to-null distances
are too long to show up, or where the readings are erratic,
five spot measurements will be made. Howevar, at higher
frequencies, where very rapid changes can be expected, more
than five readings will be made in order to detect peaks and
nulls. The distances and signal levels associated with
these readings are recorded in log books, and later trans-
ferred to punched cards and analyzed by computer.

The other type of variation encountered in the
path loss measurements is the 'slow" variation caused by
uneven terrain., As defined in this context, the value of
the slow variation is the median value of the received
signal, taken over a few cycles of the rapid variation. It
is this slow variation which is used to plot the fall-off in
signal strength with distance. From these slow variations
of median field strength, either smoothed or average curves
of median values can be generated.

To get accurate readings of the '"slow" variatic. ,
it is necessary to measure through the rapid variations.
These measurements will be made for vertical and horizontal
polarizations at the normal test frequencies.
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Since data from Pak Chong shows ro significant
rapid variations below 25 Mc/s, it is rot expected that

there will be any need to use special measuring techniques

2t these lower frequencies. However, above 25 Mc/s there
are two a.ternate sampling techniques that will give desired
median values. One of these, which is preferable when
probing can detect definite maxima and minima, is as follows.
The approximate distance required to traverse one rapid vari-
ation is determined for the frequency of interest from the

| samples taken of the rapid variation. The antenna is then
moved either lorward or backward along the fcot path for a
distance ~i at least one, or _f practical, of several cycles.
The maximuw and minimum fields over this distance are re-
corded along with a median distance associated with the

probed area.

I certair. irstances this procedure may be unsatis-
factory because the distances required may be excessive or
because it may be difficult tc establish a definite maximum
or minimuw, In these cases, a second sampling procedure may
be employed in which a strip of trail is chosen covering
several cycles of the expected average rapid variation. Over
this distance, the field strength at several random points
will be determined. These readings are recorded for later
reauction to punched (ards. It is not necessary to record
the exact distance ¢t which eact sample was taken. A median
distance associated with the probed area is sufficient.

Tie type nf information shown in Figure 3.3 will
be used to determine the number of samples to te used when-

ever the discrete sampling procedure is followed instead of

the probz method. The abscissa on this figure represents
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the number of samples taken in any small area. The ordinate
E/S is a measure of the possible error in the mean value
based on n samples. The parauneter on the curves is the con-
fidence that the error indicated ° the ordinate is not
exceeded. The term E is the dB error in the estimated mean
value, an’ the term S is the standard deviation which is

vstimated from n samples.

The Pak Chong data indicates that typical standard
deviations could vary from 2 dB to about 6 dB. As an
example, consider a standard deviation of 4 dB and assume
i0 samples are taken. TLen, at the 90 per cent confidence
level for n=10, Figure 3.3 shows that E/S=0.57. The estimate
of S is 4 dB, hence E=E/(8)S=2.28 dB. This means that under
the conditions stated it is 90 per cent probable thet the
error in the estimated mear value is less than 2.28 dB. 1In
a similar manner, with 10 samples it is 99 per cent ;robable
.hat the error is less than 4.04 dB. By using 20 samples,
the possible error drops to 1.6 dB at the 90 per cent level
and 2.56 dB at the 99 per cent level.

3.2.3 Path Loss as a Function of Antenna Height

The objective 01 these tests will be to define
height-gain profiles for direct comparison with the over-all
asight-gain characteristics observed in the Pak Chong tests.

Minimum and maximum antenna elevations in these
tests will be from 6 to 120 feet, at which height there are
only isolated treetops. In the course of the walking mecas-
urements, a limited number of height-gain tests vsing the
transmitting antennas will be made over the frequency range
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of 25 to 250 Mc/s at heights of 6 feet (or ground level for

the vertical monopoles), 13, 40, 80, and 120 feet. However,
the larger horizontal and vertical dipole transmitting anten-
nas are not able to approach ground this closely; and, of
course, the gr und plane, vertical monopole transmitting anten-
nas cannot be elevated at all. Therefore, the main portion of
the height-gain measurements will be made with the smaller re-
ceiving antennas which can be more easily elevatea.

The general procedure for these measurements will
be to mount the receiving antennas on the portable masts and
to raise the mast over the distance of one tube section,
about 5 to 6 feet. Each time the antenna is raised ¢n
additional height increment, a field strength reading is
taken. If a significant peak or null or both are noted
while the antenna is being raised, the quantities are also
recorded. From this information, median field strengths
will be determined for different he.ghts. Seventeen field
points have been cleared for making height-gain measurements
with receiving antennas. Thirteen of these points are
spaced along the walking radial trails. Table 3.2 lists the
transmission distances and trcil locaticns for these field
points on the walking radials. Four other, more distant |
field points have been construct=d for longer range height- 1
gain measurements., These points are lccated about 2 to 8
miles from the transmitters, and can be seen in Figure 5.1
where they are lalbeled FP-A, FP-B, FP-C, and FP-D.

The data, after it is recorded and converted to
units of path loss, will be analyzed in the sam~ way as was
the fixed point data from Pak Chong.
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FIELD POINT 1OCA'’IONS ON WALKING RADIALS

Radial Trails
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3.2.4 Attenuation for Short Paths Directly
Through the Foliage

The Pak Chong data indicates that the primary mode
of propagation in the jungle involves transmission along the
tops of the trees. Atter an initial loss due to the prox-
imity of the antennas to foliage and the attenuation of
radic waves which travel through the foliage, the field
appears to follow a conventional diffraction mode. 'iane ob-
Jective of the series of tests discussed here is to assess
the attenuation experienced by waves which travel directly
through the foliage. These measurements are to be conducted
in a manner similar to the short-range 10-Gc/s measurements
which have been made at Pak Chong.

These measurements are to be made from the lowest
practical frequency (e.g., 550 Mc/s) up to 10 Gec/s.
Horizontal, vertical, and cross polarizations are to be used.
Antenna heights from unear groctnd level to near treetop
heights are to be employed.

A transmitting tower will be erected at the trans-
mitting site and a receiving tower will be located within
the foliage at several locations between 50 and 300 feet
from the transmitting tower. The antennas will be separated
from the foliage by at least 2D?/3, where D is the maximum
dimension of the anternna and ) is the wavelength.

Since there is a significant amount of time and
small sector variability at the higher frequencies, the
slider technique developed at Pak Chong will be used to
obtain representative attenuation values for the different
antenna heights and frequencies. For this, the slider is
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used to position the antenna at a number of locations over
an area that will encompass the full range of spatial signal
variations. At each location the reading will be taken for
a long enough period to obtain a median value rather than a
wind-induced variation,

3.2.5 Depolarization Measurements

Measurements using opposite polarizations for
transmitting and receiving are made at several distances
within the primary test area for all test frequencies. The
objective cf these tests will be to determine the degree cf
depolarization induced by the presence of foliage at the
various test frequencies.

Figure 4.4 in Section 4 shows how polarization data
is taken at selected measurement points on the waiking radials,
first with the receiving antenna aligned and then with it set
+45 degrees, -45 degrees, and +90 degrees out of alignment.

3.2.6 Path loss as a Function of Time

A few time recordings of received field strength
in the primary test area are planned. Recordings are to be
made simultanecusly at a low receiving arntenna height and at
various elevations above and below treetcp level. The re-
cordings are to be made during windy and calm conditions.

The objective of these tests is to assess the

effect of tree movement upon the variability of received
field at treetop level. The results will be in the form of
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k strip chart recordings with corollary data concerning wind

conditions as a function of time.

3.2.7 Antenna-to-Vegetation Interaction Effects

The Pak Chong data provided indications of signifi-
cant effects due to interactions between the antenna and the
vegetation in close proximity, especially at the lower fre-
quencies where the induction field extends into the
vegetation. It is planned to conduct a series of tests with
simple antennas to further assess these effects. The objec-
tive of this measurement series is to compare the performance
of the lower HF and MF antennas in and out of the vegntation

E to assess the magnitude and nature of this proximity effect.
E Thus, two test sequences will be performed: one in the
absence of vegetation, and one in the presence of vegetation.
In both sequences, the antenna input impedance will be meas-
ured in addition to measuring the radiated fields.

3.2.8 Environmental Measurements

Measurements will be made of the over-all Songkhla
environment to quantify those elements which affect radio
propagation. Based on data from Pak Chong, it has been decided
to get measurements of the climatic conditions, terrain

roughness, and foliage distribution at Songkhla. Climatic

Slabiauiadbilobili b ihatiidhid s

conditions are not expected to vary significantly over the
rather sma2ll and even measurement area. Therefore, most
climatic measurements wil! be made only at the base site.
An automatic rain gauge records precipitation at the
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base site. In addition, wet and dry bulb temperatures are

taken at the base site in the morning, at noon, and in the
late afternoon. This data will be reduced and a.uilyzed
using the same procedures applied to the Pak Chong data.

The terrain profiles of the walking radials have
already been measured with a surveycr's transit and are
shown in Section 2. They are also presented on the plots of
path loss in Section 4, Additional measurements will be
made to define the major terrain features between the trans-
mitting antennas and the field points. However, the
Songkhla area was specifically chosen to have as few major
terrain features as poscible so that the effects of vegeta-
tion could be more clearly seen. Thus, there will not be a
need for extensive terrain measurements.

The vegetative measurements will be the most impor-
tant environmental measurements undertaken at Songkhla. The
vegetat’ve parameters of greatest interest are the over-all
weight density of the plant 1ife, generalily referred to as
"biomass," the vertical distribution of the foliage, ard the
average foliage density as a function of height, called the
foliage density profile. This data will be obtained by
making the detailed measurements in several sample plots as
was done at Pak Chong. To do this plot study, it is planned
to request the Environmental Research Section of MRDC, which
did the study at Pak Chong, to repeat its measurements at
Songkhla .
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4. PRELIMINARY MEASUREMENT RESULTS

Walking measurements are being taken on each of
four radials which are 1.4 miles long and are centered near
the VHF antenna pad shown in Figure 4.1. The geometry of
these four radials, labeled "W," "X," "Y," and "Z," is also
shown in Figure 4.1. Their radial orientations are as
follows:

W - South 5°
X - South 35° west
Y - North 35° west
Z - North 40° east

west

Measurement points have been surveyed along each
radial according to the following schedule.

Every 50 feet for 0 < d < 1000 feet

Every 100 feet for 1000 < d < 2500 feet
Every 200 feet for 2500 d < 4900 feet
Every 500 feet £~ 4900 d < 7400 feet

A

n

There is a total of 52 measurement points on each radial.
The points are numbered such that multiplying the point
number by 100 gives the radial distance in feet. Thus,
point 8.5 is located 850 feet from the center point, and
point 49 is 4900 feet away. Figure 4.2 is a photograph of
the first measurement point on Radial Y. At the right of
the figure, the radial trail can be seen extending through
the vegetaticn.
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Figure 4.2 Typical Measurement Point on a Walking Radial
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The lowest transmitting antenna hLeipght (13 feet)
cannot be used at the VHF pad. Therefore, these low
antennas are located at the first measurement point on each
radial. If the 13-foot antennas are transmitting, the dis-
tance to the receiver point is equal to the point number
times 100, minus 50 feet. For example, the distance to
point 8.5 would be 800 feet.

A slight error in distance as compuvced above is
present at the first few measurement points., This occurs
because the VHF pad is slightly displaced from the beiich
mark (BM) which serves as the center of all radials as shown
in Figure 4.1.

Table 4.1 provides a comparison between the nominal
distance and the actual line-of-sight (LOS) distance for a
sampling of the measurcment peints, The actual line-of-
sight distance includes the effects of the different loca-
tions for each 13-foot antenna, the different antenna
heights, and the siight offset of the VHF pad. The entries
in Table 4.1 verify the intuitive concept that differences
between nominal and actual distances can be significant at
short distances but, as distance is increased, the differ-
ences in path length tend to decrease both in absolute mag-
nitude and also in relative significance from a radio
propagaticn point of view,

Two basic types of data are taken as the measure-
ment team moves along each walkirng radial. One type is
referrcd to as the "primery walking data,” and the other is
refeirred to as "supplementary walking data.,” The primary
data consists of a measurement of the maximum and minimum
fields within the vicinity of each measurement point.
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COMPARISON BETWEEN NOMINAL AND ACTUAL TRAIIL DISTANCE

Tahle 4.1

Nominal Actaal LOS Distance (ft)
Distance —190¢ RO —40" =17
Point (it) Radial H¢~12¢°  H=80'  H =40' H, =13
0.5 50 W 124.2 88.9 59.9 -
X 120.1 83.0 50.7 =
Y 122 .7 86.7 56 .6 -
Z 135.3 103.8 80.4 -
1.0 100 W 149.5 121.7 102.5 50.5
X 142 .5 113.0 92.0 50.5
Y 146 .8 118.5 98 .6 50.5
Z 167 .6 143 .4 127 .4 50.5
1.5 150 w 185.1 163.5 149.7 100.2
X 176 .6 153.8 139.1 100.2
Y 181.9 159.9 145.7 100.2
Z 207 .0 188.0 176.1 100.2
2.0 200 W 226 .2 208.9 198.3 150.2
X 217 .0 198.9 187 .7 15G6.2
Y 222 .7 205 1 194 .3 150.2
Z 226 .2 208.9 198.3 150.2
2.5 250 W 270.3 256.0 247 .4 200.1
X 260 .7 245.9 236.9 200.1
Y 266 .7 252 .2 243 .5 200.1
Z 295.7 282 .7 274 .9 200.1
3.0 300 w 316.2 304.0 296 .9 250.1
X 306.4 293.8 286 .4 250.1
Y 312.5 309.2 292 .9 250.1
Y/ 342 .3 331.2 324.6 250.1
10.0 1G00 W 1000.8 997.1 994 .9 950.0
X 990.6 966 .8 G884 .6 950.0
Y 996 .9 993.2 991.0 950.0
Z 1029.1 1025.5 1023 .4 950.0
49.0 4900 w 4895.4 4894 .7 4894 .2 4850.0
X 4885.2 4884 .5 4884 .0 4850.0
Y 4891 .6 4890.8 4890.3 4850.0
yA 4924 .1 4923 .3 4922 .9 4850.0
74.0 7400 ¥ 7395.0 7394 .5 7394.2 7350.0
X 7381.8 7384.3 7384 .0 7350.0
Y 7391.1 7390.6 7390.3 7350.0
Z 7423 .6 7423.1 7422 .9 7350.0
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The receiving antenna is kept at a height of 6 feet while
being moved along the trail a distance of about 6 feet for
the near points and a distance of about +10 feet for the
more distant points. Tor the shorter wavelengths (e.g.,

25 Mc/s) this excursion is not usually enough to define a
complete change frocm maximum to minimum, but does realistai-
cally represent the change in tield over a relatively large
sampling area. On ithe other hand, at the very short
wavelengths (e.g., 250 Mc/s) the field may behave er atically
for very slight changes in antenna position. 1In these casses,
five spot readings are taken at random locations within the
vicinity of each measurement point.

The supplementary walking dat=2 is taken at field
points 2, 10, 25, 49 and 74 along each walking radial. The
supplemental m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>